I. INTRODUCTION
Next-generation wireless networks will integrate different access technologies, such as cellular, WiMAX, WiFi, to offer multimedia services to end users [1] . These wireless technologies have complementary characteristics in terms of cost, coverage, and resources. Hence, the service convergence of these technologies will help the operators improve the utilization of their scarce wireless resources and will enable the user to be always connected to the best available wireless network in the vicinity.
In integrated systems, vertical handoff (VHO) represents a unique handoff process due to the inherent system heterogene ity of different access technologies. In traditional horizontal handoff (HHO), the decision is mainly based on comparing the received signal strength (RSS) from candidate point of attachments (PoA) [2] . In VHO, the decision parameters, including the RSSs, are incomparable due to the heterogeneity of candidate PoAs. Hence, VHO algorithms are generally based on a predefined policy [3] that may consider different parameters including network condition, power consumption, network available bandwidth, security, cost, and other similar parameters.
1Ypically, VHO decision algorithms [4] should achieve seamless handoffs by adapting the decision to the applica tion requirements, user preferences, and operating conditions. This adaptation requires cross-layer information exchange between different layers in the network protocol stack. Such information exchange becomes more important for real-time applications such as multi-media streaming that feature high diversity in the characteristics of streamed media and operating scenarios. In [5] , the authors propose a generic link layer that sits below mobile IP in the protocol stack and enables informa tion gathering form different network interfaces. The authors show that a significant performance improvement in packet loss can be realized by tuning the policy based decision using link layer information. More recently, the media Independent handover Functions (MIHF) standard, also known as IEEE 802.21, evolves as a generic framework for message exchange across different layers to facilitate VHO in heterogeneous wireless networks.
MIHF enables information exchange of several parame ters, such as network condition, service cost, and application quality-of-service (QoS) requirements, in order to optimize VHO performance and facilitate VHO decision. IEEE 802.21 has received significant attention in different standardization groups. For example, IEEE 802.11 and IEEE 802.16 have respectively introduced the IEEE 802.11u and IEEE 802.16g as amendments to their original standards to enable IEEE 802.21 functions [6] . Additionally, the IETF mobile IPv6 per formance, signaling, and handoff optimization (MIPSHOP) is investigating mechanisms to support the reliable transmission of media independent handover messages. These standardiza tion processes will speed the introduction of MIHF-enabled devices to the market and will enhance the performance of VHO algorithms.
The adaptive lifetime vertical handoff (ALIVE-HO) algo rithm [7] is previously proposed as a highly adaptive VHO decision algorithm that considers different decision criteria including the network condition, handoff latency time (THO) and application QoS requirements. However, the study is based on theoretical analysis of physical and link layer parameters. Hence, it overlooks important practical operational aspects of higher layers. In this paper, we present a generic architecture for the mobile terminal (MT) stack incorporating MIHF and a connection coordinator for multi-interface devices. Addition ally, we present the operation of ALIVE-HO using MIHF messages. Further more, we experimentally investigate the performance of ALIVE-HO and optimize its application signal strength threshold (ASST) for video streaming applications un der different operating scenarios including various streaming rates and protocol stacks.
The rest of this paper is organized as follows. Section II provides some background for VHO algorithms in wireless heterogeneous networks and an overview of the IEEE 802.21 standard. Section III explains the work flow and principles behind the ALIVE-HO algorithm and presents implementation guidelines for ALIVE-HO using the IEEE 802.21 standard. Section IV presents the network testbed and the implemen tation specifics. Additionally, it presents our approach for determining ASST values for video streaming. Section V provides our conclusions and future work.
II. BACKGROUND AND RELATED WORK
The design of VHO decision is one of the main challenges in heterogeneous wireless networks due to the huge diversity in the characteristics of networks and services. This heterogeneity propels the concept of a preferred network, which is usually the network that provides better service at a lower cost. Hence, VHO decision algorithms define a set of rules that enable determining the best network in the user vicinity. In [3] , the VHO decision is based on a periodic comparison of total network costs that are estimated as weighted sums of a normalized set of the VHO policy parameters. These weights vary according to user preferences and the MT status (e.g., power reserve).
Other works propose similar design approaches for VHO decision. For example, Zhu and McNair [8] introduce two cost-based policies including a collective handoff policy that estimates one cost for all the services and a prioritized multi network handoff policy estimates the cost for each service independently. Similarly, Chen et. al. [9] employ a handoff control center module to collect the information required for the VHO decision by monitoring the available MT interfaces and the system resources. This decision is also based on a score function that considers the usage expenses, link capacity, and power consumption for the available access technologies; and the MT uses the network that achieves the largest score. Similar approaches are presented in [10] , [7] , [11] , [12] and the references therein. One main difficulty of the cost approach is its dependence on some parameters that are difficult to estimate, especially in large cellular networks, such as the available bandwidth, the channel condition, and the network user density, all of which change dynamically.
Alternatively, other VHO policies are based on a smaller set of parameters for practicality and ease of implementation. As suming wireless local area network (WLAN) is the preferred technology to cellular network, Ylianttila et al. [13] present an algorithm to compute an optimization policy for a dwell timer according to the available data rates in both networks. In [14] , Park et al. propose using a similar dwell timer-typed approach for both moving out of the preferred network (MO) and moving into the preferred network (MI) by performing the VHO if a specific number of the received beacons exceed or go below a predefined MI or MO threshold respectively. In [15] , the authors employ a dwell timer during MO and use fast Fourier transform function to estimate the signal decay rate and compare it with a predefined threshold to take the Similarly, ALIVE-HO [7] assumes a static preference for access technology with higher bandwidth. For example, always use an uncongested cheaper network whenever available is a basic rule for ALIVE-HO. The network congestion is induced through monitoring the network allocation vector in WLANs [15] . Another basic rule is to persist on using the preferred network as long as it satisfies the QoS requirements of the application and seamless handoff. The latter rule is realized by estimating the life-time of the mobile terminal within the preferred network. In this context, life-time corresponds to the duration over which the current access technology remains beneficial to the active applications and is expressed as
where k is the time step, RSS[k] represents an averaged RSS, "( represents an application signal strength threshold, whose value is chosen to satisfy the requirements of the active applications, and S[k] represents the RSS decay rate. Figure 1 shows the operation of the ALIVE-HO algorithm on exiting the preferred network. Based on the measured and estimated parameters, the MT will proactively start the VHO procedure at time k if the averaged received signal strength is less then or equal to a predefined exit threshold and the estimated lifetime is less than or equal to the handoff delay threshold, THO. The first condition indicates approaching the end of the current PoA coverage while the lifetime part tunes the handoff instant according to users mobility and application requirements to maximize the benefit from the preferred network characteristics.
MIHF [16] represents a framework for information ex change either locally between different layers or remotely between any two MIH-enabled entities to facilitate VHO decisions. Figure 2 shows the architecture of an MIH enabled device. Ty pically, MIHF will reside at 2.5 layer and interacts • Information service by which an MIH-enabled entity can obtain information useful in device management and VHO decision.
• Command service by which higher layers can gather information from lower layers either locally or remotely and synchronously or asynchronously.
• Event service by which important information about lower layer performance are communicated to higher layers.
These services enables the mobile terminal to improve the VHO performance during all its phases including discovery, decision, and execution. For example, the event service enables the mobile device to perform proactive VHOs based on the provided information about network condition. Additionally, information service enables the device to save energy by only scanning the provided operating bands of neighbor PoAs. Several papers investigate the usage of IEEE 802.21 for VHO between different systems such as WiMax and WLAN [6] and 3G cellular and WiMax [17] . In [18] , the authors propose a network initiated handoff based on IEEE 802.21.
Lampropoulos et al [19] presents how the emerging IEEE 802.21 standard enables seamless inter-technology handoff. In [20] , Cacace et al show that the network performance experienced by the proposed a centralized connectivity man ager interfacing with the 802.21 sublayer and responsible for the application of connectivity policies. Wan-Seon et al [21] 
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element structure for exchanging application layer information across different layers through IEEE 802.21 framework. Such information would be useful for policy-based handoff decision algorithms.
These works only adopt simple hysteresis based VHO de cision algorithms. In this work, we partially implement MIHF and integrate within ALIVE-HO algorithm to tune ALlVE HO for optimal video streaming performance in integrated networks. Figure 3 shows the protocol stack for a multi-interface mo bile client. In the shown architecture, 802.21 enables important functions for the performance of proactive VHO. Additionally, the Connection Coordinator (CC) represents the heart of VHO management by participating in different functions including mobility management, power management, and resource man agement.
III. MOBILE CLIENT OPERATION

A. Downward VHOs
Typically, ALIVE-HO prefers using the cheaper networks whenever they have sufficient resources. Hence, on using an expensive network, such as cellular networks, the CC actively scans for cheaper networks. However, to save the power used in this scanning, the CC proactively consults the MIH information server for information about the neighbor PoAs including operating bands, communication cost, and Medium Access Control addresses. On discovering a new PoA, the MIH informs the CC using Link_Up message. If the discovered network is cheaper than the current one, the CC checks for resource availability in this network using MIHF resource query-response procedure. If the CC receives a positive re sponse from the candidate PoA, it starts the VHO procedure including network authentication, address configuration, and traffic redirection.
B. Upward VHOs
Generally, upward VHOs usually correspond to moving from a cheaper resourceful network to a more expensive and resource-limited network. For example, moving from a WLAN to a cellular network. Hence, users will persist on using this preferred network as long as it satisfies the QoS requirements of active applications. Consequently, on using a preferred network, the CC registers for two different MIHF events to take the VHO decision using ALIVE-HO.
1) MIH_Link_ParametecReport event that indicates that
the drop of average RSS below the target exit threshold. 2) MIH_Link_Going_Down event indicates an expected loss of the connection to the current point of attachment within a specific duration, e.g. connection will be lost in two seconds.
In order to register for these events, the CC needs to instruct the MIHF with the thresholds associated with such events. These thresholds are communicated using the MIH_Link_Configure_Thresholds command through the MIH_SAP. Generally, the preferred network exit thresh old (ET) is a few dB (5-7) above the interface sensi tivity (I s ) while the ASST value used in triggering the MIH_Link_Going_Down message is obtained from a database of thresholds that correspond to the the active application QoS requirement. Using ALIVE-HO as a VHO algorithm, the CC will configure MIH_Link_Going_Down duration to the expected handoff delay (THO) required for completing the proactive signaling for resource query, authentication, and address configuration with the new PoA.
IV. EXPERIMENTATION AND ASST OPTIMIZATION
In this section, we first present a description for our testbed and implementation specifics of some MIHF functions. We then present our experimentation procedure and the perfor mance metrics used to detennine the most effective ASST.
A. Te stbed Setup and MIHF Implementation
In our experiments, we assume the mobile tenninal is initially located in its preferred network. The testbed consists of a Dell Latitude D6l0 running Ubuntu as mobile client, a WLAN access point connected to an Ubuntu based router that is also connected to a Darwin streaming server installed in another machine. The mobile client is equipped with a Netgear WPN5ll RangeMax wireless interface and uses videoLan [23] as a streaming client application. The algorithm and MIH functions are implemented in the C programming language in user space. The link layer infonnation RSS value from the currently connected AP is achieved by using the Linux system call ioctl, which allows user communication between user space and kernel space.
On implementing the MIHF link parameter change and link going down, we use simple a moving average estimators. At any time sampling instant k, the average RSS, denoted as
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where Wav represents the averaging window size. Similarly, the RSS rate of change, denoted as S[k], is estimated using moving average window and is expressed as where W s and T s represent the slope estimator window size and the sampling interval respectively, M l [k] and M2 [k] correspond to the average of RS S [k] during the first half and second half of the slope estimator window and are expressed as
The window sizes used for estimating the RSS average and decay rate are estimated as In our experiments, the mobile device is carried away from the access point at a walking speed while the media is streamed from the server. The values of important parameters in our experiments are shown in Ta ble I . Note that THO generally depends on the integrated network architecture, specifically the time required for authentication and address configuration. In our perfonnance evaluation, we estimate the perfonnance metrics over a handoff transition duration, which we consider the four seconds preceding exiting the preferred network, i.e. the four second exactly before completing the VHO. This enables us to properly asses the impact of the handoff decision timing on the streaming perfonnance and avoid misleading results that are influenced by using the wireless network in a good condition away from the PoA coverage edge.
We use wireshark to observe packets passing through the client interface and facilitate detennining the frames trans mitted during the handoff transition area. The set of frames transmitted over the four seconds handoff transition period is denoted as V ideorecord.cut. We also obtain the corre sponding set of frames from the original video, denoted as V ideooriginal.cut. Using these video fragments, we use the MSU Video Quality Measurement Tool [24] to evaluate the streaming quality by estimating the peak signal to noise ratio (PSNR) and number of lost frames. The PSNR is most commonly used as a measure for quality of reconstruction of lose compression codecs (e.g. for image compression). In our case, the image packets lost due to bad network conditions will obviously increase the noise and in turn reduce the PSNR of the video. To satisfy users QoS, we needed to compare the average PSNR between streamed media to the MT and the original stream to determine the most appropriate practical value of ASST in the ALIVE-HO algorithm.
C. Determination of ASST Va lues Figure 4 shows the PSNR for RTSPfTCP stream versus ASST using l00kbitls and 300kbitls videos. The figure shows a small drop between the PSNR of the original and streamed media that is usually related to encoding and decoding pro cesses [25] . Additionally, the figure shows limited impact for ASST value on the PSNR because TCP as a reliable network protocol persists on retransmitting any lost or cor rupted packets. However, for ASST less than -87dBm, a large number of packet retransmission take place during the handoff transition duration. These retransmissions affect the video playout quality and lead to playout interruption. Figure 5 shows the PSNR for RTPIUDP stream versus ASST using l00kbitls and 300kbitls videos. In contrast to TCP, UDP does not transmit any lost or corrupted packets. This clearly leads to a noticeable drop in PSNR as ASST decreases below -87dBm. Tables II show the lost frames during the handoff transition area for the received stream. The lost frames may lead to significant deterioration for the perceived image quality as shown in Figure 6 . Based on the obtained results and our subjective testing, the optimal value for UDP based streaming is chosen as -86dB. To this end, it is worth noting that the obtained values corresponds are specific to the investigated scenario. Similar experiments are to be conducted for different other parameters such as streaming rates and protocols to build a suitable database containing the optimal ASST values under different scenarios. Since the development of this database is not expected to be exhaustive, interpolation techniques can be used to get an approximate values for missing entries in the database.
V. CONCLUSIONS
The integration of different access technologies introduces VHOs as a unique challenge. The success of such integrated systems is conditioned on achieving seamless VHOs that are transparent to the user. To achieve this, information exchange across different layers should be enabled and new application adaptive frameworks should be developed. In this paper, we presented a generic mobile terminal architecture based on the state of the art standard IEEE 802.21 to facilitate seamless VHO for streaming applications. Additionally, we optimize the performance of the chosen VHO algorithm to ensure seamless streaming under different operating scenarios. As a future work, we plan to test the impact of window shape on the performance of VHO. Additionally, we are also interested in investigating the adaptation of video streaming rate according to the network condition.
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